among 86 cases). Of the total 187 cases treated to date, 107 received the serum on or before the 3rd day, and of these, only 14 died (mortality 13 per cent); on the other hand, there have been 41 deaths (51 per cent mortality) among 80 cases treated on or after the 4th day, and 225 deaths (56.6 per cent mortality) among 397 untreated cases occurring in the same localities during the same epidemic periods.
The serum has apparently undoubted therapeutic value in human cases of yellow fever as well as in cases of experimental infection with Leptospira ict~roi, des in animals. Vaccination by means of killed cultures of Leptosplra icteroides (injected in two subcutaneous injections of 2 cc. each, 4 to 6 days apart) has been shown to confer complete protection within 10 to 15 days of the last inoculation. 2,a During the period required for development of active immunity, however, anti-icteroides serum might be utilized for the immediate protection of non-lmmune individuals who find themselves in an epidemic or endemic focus of yellow fever, or it might be substituted for vaccination in the case of persons who intend only to pass through an infected district. It is well known that an immune serum or antitoxin, when introduced into the system of a non-immune individual, will protect against infection for a period which varies from a few to many days according to the number of units of immune bodies initially introduced and the rate of elimination of such bodies from the inoculated individual. The passive immunity thus conferred is necessarily of short duration, yet the employment of anti-icteroides serum for the temporary protection of non-immune individuals might be of considerable practical value.
In the experiments to be reported here guinea pigs were used to determine the duration of the protective effect of an injection of antiicteroides immune serum. sistence of passive immunity were made 1, 2, 3, 4, 5, 7, 10, and 15 days after the injection of the immune serum. In order to infect all the guinea pigs, including six normal control animals, with the same material at the same time, the injections of the immune serum were begun 15 days before the time selected for the test inoculation of a virulent strain of Leptospira icteroides. The infective material used was an emulsion of the liver and kidneys of a guinea pig fatally infected with a strain of Leptospira icteroides isolated in Morropon by Noguchi and Kligler, 4 which killed the control guinea pigs within 9 to 10 days in quantities of 0.001, 0.01, and 0.1 cc. 0.1 cc. of the emulsion, representing about 100 minimum lethal doses, was used in this experiment and was given subcutaneously. The results are recorded in Table I .
Analysis of the table shows that the minimum quantity of antiicteroides serum required for protection, as revealed by the results obtained when the serum was given an hour previous to the inoculation of the infecting material, lay between 0.00001 and 0.0001 cc. Judged from the survival of three guinea pigs which received serum 24, 48, and 72 hours previously the protective titer of the serum must be close to 0.0001 cc. There was no diminution in the protective effect within 48 hours, but after 3, 4, and 5 days 0.0001 cc. no longer gave complete protection, while 0.001 cc. protected in every instance. 7 days after the time of injection of the serum 0.001 cc. failed to protect, but 0.01 cc. was still effective. After the lapse of 10 days 0.1 cc. was required to prevent infection, and after 15 days only those animals which had received 1 cc. of the immune serum withstood infection. The rate of elimination of the immune substance in the body of the guinea pig after the subcutaneous introduction of the anti-icteroides serum does not proceed uniformly in the successive days following injection, but follows a characteristic course which may be roughly estimated in the manner shown in Text- fig. 1 , the unit being 0.0001 cc., which neutralized at least 100 minimum lethal doses in the present series.
The rate of disappearance of the immune substance is very slow at first, but becomes rapid after about 10 days. This phenomenon is 4Noguchi, H., and Kligler, I. J., Experimental studies on yellow fever in northern Peru, J. Exp. Med., 1921, xxxiii, 239. not characteristic of anti-icteroides serum alone, because various immune serums appear to undergo a similar reduction in strength when introduced into different species of animals. Knott, forexample, found that tetanus antitoxin (horse serum), given to a foreign species (guinea pigs or rabbits), is reduced rapidly and that only about ~-~ Units I O, OOO g,o00 8 ,000 "LO00 0,000 5,000 %000 3,000 2,000 1,000
in the body is about 4 to 6 weeks. Pfeiffer and Friedberge# found that when an anticholera serum derived from the goat is injected into the rabbit it gives rise to an anti-immune substance by which it is neutralized in a comparatively short time. Ransom and Kitashima ° showed that homologous tetanus antitoxin, when injected into a normal horse, may remain as long as 80 days; that is, the duration of the passive immunity is almost as long as that of active immunity.
On the other hand, J6rgensen and Madsen found that not all homologous immune serums remain for a long period in the body of the injected animal, but that the length of time varies with different animal species.10 Kraus and his coworkers failed to demonstrate any evidence for the formation of an anti-immune substance in the blood or organs of animals which had received an injection of a heterologous diphtheria antitoxin, n Perhaps the sudden disappearance of the immune substance after about 10 days in the present series of experiments may be intimately connected with the precipitin formation for the heterologous anti-icteroides horse serum. Moreover, the titer of the immune serum is certain to suffer reduction when kept at a temperature of 39°C., even in vitro, and may be expected to undergo similar reduction in the blood of a foreign species.
S~ARY.
Analysis of the records of instances in which non-immune persons contracted yellow fever notwithstanding vaccination shows that the onset of disease occurs soon after vaccination, the longest period being 13 days. Since the average incubation period in yellow fever is 6 days, it seems that infection must have taken place in some instances during the period while protection was developing. These instances led to a study of the possibility of immediate protection by means of the anti-icteroides serum. It had already been shown that the immune serum protects at once against experimental Leptospira icteroides infection, but it remained to determine how long the protection would last.
Guinea pigs were given different quantities of the immune serum and subsequently injected, at various intervals, with a virulent strain of Leptospira icteroides. Complete protection enduring 5 days was obtained with as minute a quantity of serum as 0.002 cc. per 1,000 gin. of body weight. After 5 days, however, the immune substance rapidly diminished~ and to keep the animal protected for as long as 10 days it was necessary to give 100 times as much, or 0.2 cc. For a man weighing 80 kilos, 0.16 cc. (0.002 X 80) would theoretically be sufficient to protect for at least 5 days, 1.6 cc. for 7 days, and 16 cc. for 10 days. This temporary protection may be a valuable antecedent to that furnished by vaccination, since the final effect of the latter cannot be expected until at least 9 to 10 days have passed.
